In this paper, we analyze the performance of a reliable, scalable, and cost-effective switchless wavelength division multiplexing (WDM) network based on an arrayed waveguide grating (AWG). The network efficiency is significantly increased by spatially reusing wavelengths and exploiting multiple free spectral ranges (FSRs) of the AWG employed in the architecture. We have analyzed the performance of this architecture by simulating in Optsim TM with a control channel which exploits the broadband light source, i.e., an LED. The data was successfully transmitted to a distance of 30 km without using any EDFA's in the network, with a reasonable BER of 4.0530×10 -14
I. INTRODUCTION
Many new applications and services have emerged amidst the rapid growth of the internet and telecommunications industry resulting in a surge of data on voice networks [1] . This surge of data rendered the voice telecommunications infrastructure insufficient in the metropolitan area resulting in a metro gap. This dilemma provided us with a dire need to replace or upgrade the existing telecommunications infrastructure. So to cope with the changed realities and enable new applications and services to utilize huge bandwidths available in the long haul backbone networks, a metro WDM star network based on an arrayed waveguide grating is proposed and evaluated in [2, 3] . The majority of the earlier presented WDM network architectures are either based on a physical ring topology or a physical star topology [4] - [6] . It is shown that the AWG star networks clearly outperform the ring networks in terms of throughput, delay, and packet loss for unicast traffic with the expense of the single point of failure which could be overcome by redundancy [7] . The hardware parameter, i.e., degree of AWG and the number of FSRs (Free Spectral Ranges), and the software parameters, i.e., the number of slots per frame, the number of control slots in a frame, and retransmission probability, are optimized for a given network using a genetic algorithm [8] . AWG based star network can supplement the existing metro networks and increase their capacity to overcome the metro gap as shown in Fig. 1 [9] .
In this paper, we are analyzing the performance of a star metro WDM network based on an Arrayed Waveguide Grating with control channel using a broadband light source, i.e., an LED (Light Emitting Diode) which was not considered in [3] . We measured a bit error rate (BER) as function of input power and measure the BER as function of distance between the source and the destination. As described in the numerical results section, the control channel does not significantly affect the performance of an AWG based network. The rest of the paper is organized as follows. In the following section we briefly describe the network and node architecture and the MAC protocol for the AWG based star network, and in Section III, the OptsimTM simulation results depicting the performance of the above mentioned network architecture is summarized. Section IV concludes the paper.
II. NETWORK ARCHITECTURE
Network architecture with MAC protocol for a AWG based star network is described in great detail in [2, 3] . In this section, we briefly describe it and give a concise insight into the architecture.
Network and Node Architecture
The basic architecture of the single-hop WDM star network is based on a D×D AWG, as shown in Fig.  2 . Each node is connected to the network via two fibers, i.e., one for transmission and the other for reception. At each AWG input port, a wavelength-insensitive S×1 combiner collects data from S attached nodes. Similarly, at each AWG output port, signals are distributed to S nodes by a wavelength-insensitive 1×S splitter. Each node is equipped with a laser diode (LD) and a photodiode (PD) for data transmission and reception, respectively. Both data transmitter and receiver are tunable over λ wavelengths which are not pre-assigned to nodes. The network connects N=D×S nodes. At each AWG input port we exploit R adjacent free spectral ranges (FSRs) of the AWG. Each FSR consists of D contiguous wavelengths. The total number of wavelengths at each AWG input port is λ=D×R. Note that the AWG allows for spatial wavelength reuse. As a result, the λ wavelengths can be simultaneously applied at each of D AWG input ports, for a total of D×λ wavelength channels connecting the D AWG input ports with the D AWG output ports. The MAC protocol makes use of a control channel to broadcast control information. The control channel is implemented as an in-band control channel by exploiting the spectral slicing of a broadband light source, i.e., Light Emitting Diode (LED), in conjunction with spectrum spreading of the control signals as shown in Fig.  3 . Since in-band signaling is done so no additional receiver is required for the control channel. However, data and control information have to be distinguishable at the receiver by means of direct sequence spread spectrum techniques. The control information is spread before externally modulating the SLED. By using multiple spreading codes, several nodes are able to transmit multiple control packets at the same time, leading to code division multiple access (CDMA). CDMA not only allows simultaneous transmission of control packets but also provides some form of security [2] .
MAC Protocol
The MAC protocol is needed to control the shared access to the medium by different nodes. It also handles the wavelength assignment to different nodes for communication. The control packets are broadcast in our network; hence they are received by all the nodes. In [11] , it was shown that a normalized throughput (ratio of throughput and capacity) of up to 100% can be achieved if each node has global knowledge about all [2, 3] . In the first M slots, control signals are transmitted and all nodes must be tuned (locked) to one of the SLED slices carrying the control information. These M slots ado not have fixed assignments. Instead, control packets are sent on a contention basis using a modified version of slotted ALOHA.
III. PERFORMANCE ANALYSIS
We demonstrated the feasibility and the performance of our architecture by simulation in the commercially available optical communication systems software Optsim TM . We simulated a 16 node architecture based on a 4×4 AWG, 4×1 combiner and 1×4 splitter. The 4×4 AWG used in simulation was designed in BEAMPROP TM simulation tool. The transmission graph of an input port (port 1) of designed AWG is shown in Fig. 4 . The routing characteristics of the 4×4 AWG designed in BEAMPROP™ are summarized in the Table 1 .
We used just 4 wavelengths to communicate between 16 nodes simultaneously without any loss of data. This spatial wavelength reuse is possible because of the network architecture based on the AWG. Nodes attached to different AWG ports can use the same wavelength to communicate with other nodes without any channel collision. However, nodes attached to the same AWG port must use different wavelengths in order to avoid channel collision. We simulated the network with and without control channel to observe the decrease in BER due to the addition of a broadband control signal. The broadband signal for the control channel was generated from a 1550.4 nm LED with 0.1 ns of rise / fall time. The responsivity of the LED was 0.01 A/W and the output power was 1mW. Since we are using CDMA for control channel, we do not need a high power LED. These parameter values correspond to an InGaAsP ELED [11] . Moreover, the bit rate for LED was needed to be a high because of CDMA. So, the bit rate chosen for the LED is 156.25 Mbps. The 3dB modulation bandwidth of simulated LED is 275 Mbps. So, it is safe to modulate the LED at the chosen bit rate. hand, Fig. 6 shows a plot of BER versus input power of the laser diode with in-band control channel. Similarly, Fig. 7 shows a plot of BER versus the transmission distance without any in-band control channel and Fig.   8 shows a plot of BER versus the transmission distance with in-band control channel. It can be observed that the BER of the received data signal is not reduced much by adding the broadband control signal. The eye diagram of the received signal at node 1 is shown in the Fig. 9 . The Fig. 10 shows the plot of binary data signal transmitted and the electrical signal received at the receiver of node 1. By adding in-band control channel the BER was increased from 3.2121×10 -14 to 4.0530×10 -14
.
IV. CONCLUSION
We have demonstrated the feasibility and the performance of the AWG based star network architecture. We observed that the signal can be transmitted successfully to a distance of 30km with a reasonable BER of 4.0530×10 -14 . This distance can be further increased by using optical amplifiers in the network. In our network 16 nodes can communicate using just 4 wavelengths at the same time. Moreover, this network is also scalable and cost-effective. Hence, this network is a good choice for either upgrading or installing a new metropolitan area network.
